The determination of humectants in tobacco and in tobacco smoke, taking their large use in tobacco products into consideration, has been the subject of many publications. Thin-layer chromatography has been applied by Wright to determine humectants in tobacco products which are also present in small quantities (1) . Laurene, Cundiff and Greene outlined a calorimetric method to analyse glycerol and propylene glycol in cigarette smoke (2). The gas-chromatographic determination of glycerine and propylene glycol in tobacco has been described by Cundiff, Greene and Laurene (3) and it has been the ·subject of a collaborative study in the United States (4).
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Some polyhydric alcohols have been analysed as their trim:ethylsilyl ether derivatives in tobacco by Slanslci and Mashy (5) . The conversion to TMS derivatives of polyols, in the gas-chromatographic method, has the advantage of a reduction in polarity and an increase in vapour pressure with a resulting decrease of analysis times and a more effective separation of chromatographic peaks. This paper describes a method for the qualitative and quantitative analyses of polyhydric alcohols also in tobacco smoke and it shows the results of the combination of gas-chromatography with mass spectrometry for both humectants extracted from tobacco and smoke condensate in order to verify whether the interference of other silylated products occurs.
EXPERIMENTAL

Apparatus and Operating Conditions
The gas-chromatograph Carlo Erba Model C, equipped with a flame ionization detector and temperature programming, was used. The mass spectra were obtained on a Perkin Elmer gas-chromatograph mass spectrameter Mod. 270 was employed for all experiments. The chromatographic conditions used were: a) linear programmed temperature: 130° C for 17 minutes to 20o° C at 2.5° C/min, injection temperature: 320° C, detector temperature: 160° C, carrier gas nitrogen at a flow rate of 40 ~1/min, b) isothermal column temperature for the analysis of sorbitol: 2oo° C, all other conditions were the same as those given above. The trimethylsilylation reagents used were trimethylchlorosilane and hexamethyldisilazane obtained from the Carlo Erba Company. In analyses by the mass spectrometer the ion source temperature was 150° C, the energy of the bombarding electrons was kept at 70 e V and the scanning speed was 30 decade/ second.
Procedure
Tobacco products: 10 g of .tobacco were extracted in a Soxhlet apparatus with ~50 ml methanol for 5 h.
The methanol solution was quantitatively transferred to a 250 ml volumetric flask and made up to volume. 25 milliliters of this solution were evaporated by a dry nitrogen stream and o.8 ml pyridine, o.8 ml hexamethyldisilazane and 0.4 ml trimethylchlorosilane were added to the residue. After being thoroughly stirred for 30 seconds, the mixture was left to settle for 10 minutes and then centrifuged. Two microliters of this solution were injected into the gas-chromatograph. As for sorbitol, the extraction method with methanol gave a recovery not exceeding 38 °/o. For this reason, other solvents such as pyridine and acetone were used. The best result was obtained by the latter. Tobacco smoke: 20 plain cigarettes, previously selected with regard to both weight and pressure drop, were smoked according to CO REST A Standard Procedure. The condensate was collected in an electrostatic smoke trap and removed from there with 100 ml of methanol. The solution was evaporated by a dry nitrogen stream and the residue treated as previously outlined. The tobacco samples and the relevant cigarettes required for the analyses were prepared by adding a mixture of glycerine, diethyleneglycol, propylene glycol, triethylene glycol, [1] [2] [3] 
RESULTS AND DISCUSSION
A synthetic mixture of pure polyols was prepared and converted to their TMS: their separation is shown in Fig. 1 . When working at the temperature programmed under the above-mentioned conditions, a good separation is obtained of the peaks corresponding to propylene glycol [1] shows the chromatogram of TMS sorbitol extracted from tobacco. Though the comparison of both chromatograms already shows that no other silylated compound present in the solution interferes, this result was nevertheless verified by making mass spectra for each peak.
In the scientific literature (6, 7, 8) the mass spectra of trimethylsilyl derivatives of some glycols are set forthi Gas-chromatogram of TMS-sorbitol extracted from tobacco.
however, for each of the six humectants under examination the mass spectra were made starting from completely pure products. The mass spectra relative to the chromatographic peaks correspond to those of pure polyols. Fig. 7 shows, for example, the two spectra of diethylene glycol and Fig. 8 shows the two sorbitol spectra. Hence, the combination of gas-chromatography and mass spectrometry made it possible to confirm that the gas-chromatographic determination of polyhydric alcohols in tobacco by the silylation method is an accurate and quick procedure with a fair reproducibility and that it can also be used for mixtures of different humectants. As to the completeness of the extraction, it was found that the recovery of added glycols ranges from 95 to 104 °/o as regards propylene glycot [1] [2] [3] butylene glycol, diethylene glycol, glycerine, triethylene glycol, while for sorbitol this recovery was 86 °/o. Table 1 shows the average values of recovery in the six humectants: Table 1 .
Recovery of added polyols in tobacco. The gas-chromatographic determination of humectants in cigarette smoke involves more complicated problems compared to tobacco, because there are a larger number of compounds present which are silylated and detected under the operating chromatographic conditions. · Figures 9 and 10 show two chromatograms, the former of which refers to cigarette smoke obtained from tobacco with no humectants and the latter to the smoke of cigarettes manufactured with the same tobacco to which were added six glycols. Of these, a good separation with no interference was obtained for propylene glycol [1] , 1-3 butylene glycol [2] , diethylene glycol [3], glycerine [4] , while the peak of triethylene glycol [5] superimposed another peak which at first was thought to correspond to a compound having the same retention time. However, the mass spectrum relative to the peak of triethylene glycol perfectly corresponds to that of the standard product, whence one could infer that tobacco smoke with no humectant contains triethylene glycol. The first mass spectra show that the gas-chromatographic method for the determination of polyhydric alcohols as trimethylsilyl derivatives can be extended also to cigarette smoke, though additional studies are still required to develop a definite procedure in order to study the optimum conditions for the determination of all the five glycols under examination. In Figures 11,   Figure 10 .
Gas-chromatogram of TMS-glycols extracted from tobacco smoke. 12 and 13 the mass spectra of glycerine, butylene glycol and triethylene glycol are shown.
As for the quantitative determination of humectants in both tobacco and smoke, the calibration curve was obtained for each glycol.
SUMMARY
A qualitative and quantitative procedure has been developed for the determination of humectants in manufactured tobacco by gas-chromatographic method with a flame ionization detector. It consists of extraction with methanol, concentration of the extract and treatment with Tri-Sil reagents. The operating gas-chromatographic conditions are set forth. Samples of tobacco containing glycerine, propylene glycol, diethylene glycol, triethylene glycol, 1-3 butylene glycol and sorbitol have been analyzed with recoveries, for the first five ones, in the range . of 95-104 °/o.
In order to verify that each chromatographic peak corresponded to the relative glycol, with no interference by other silylated compounds, the mass spectra were obtained through the combination of gas-chromatography with mass spectrometry. The results achieved confirm, as far as tobacco is concerned, that the procedure is accurate and precise. The same method for the determination of humectants was extended to cigarette smoke. Even though this involves more complicated problems, as compared to tobacco, because of the presence of silylated cornpounds, it was found that, for certain glycols, the gaschromatography of the trimethyl derivatives can be also used as a method of analysis. The mass spectra of some polyhydric alcohols are shown. 
RESUME
